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[57] ABSTRACT

An apparatus 1 for mixing first and second gases in-
cludes first and second valves 2, 3 each having a stem 14
the axial movement of which controls the flow of the
gases through their respective valves. Each valve stem
has one end engaging a control surface 16 of a thrust
plate 18 mounted for axial and pivotal movement on a
shaft 20. Means including a plunger 26 is provided for
pivoting the thrust 18 so that one valve stem is moved
axially relative to the other thereby increasing the rate
of flow of one gas through its respective valve while
concomitantly decreasing the rate of flow of the other
gas through its respective valve to vary the relative
proportion of the gases without varying the total flow
rate. Total flow adjuster 34 bears on the plunger 26 for
moving the thrust plate 18 axially towards and away
from the valve stems 14 thereby to vary the total rate of
flow of the gases without varying the relative propor-
tions of each gas flowing through its respective valve.

8 Claims, 4 Drawing Figures
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1
MIXING APPARATUS FOR GASES

BACKGROUND OF THE INVENTION

The present invention relates to apparatus for mixing
a plurality of gases and in particular apparatus for mix-
- ing a plurality of medical gases and forming part of an
anaesthesia machine. |

Anaesthesia machines of the continuous flow type are
‘the most widely used today and are employed in con-
junction with a breathing circuit to provide a complete
anaesthesia system. Such machines blend or mix a gase-
ous anesthetic with oxygen in proportional amounts to
produce a gaseous mixture having a desired flow rate. A
typical example of a continuous anaesthesia machine is
disclosed 1in U.S. Pat. No. 3,739,799 which includes at
least two flowmeters operable to measure and visually

indicate the rate of flow of respective gaseous compo-

nents. A mixture control valve is operable to increase
the rate of flow of either of said components to its asso-

ciated flowmeter and simultaneously decrease the rate
of flow of the other of said components to its associated
flowmeter to vary the relative proportions of said com-
ponents substantially without varying the total flow of
said components. A total flow control means is operable 23
to vary the total rate of flow of the said components
substantially without varying the relative proportions
of said components.

This known anaesthesia machine has proved to be
highly successful but suffers from the disadvantage that 30
- the mixture control valve is difficult to manufacture and
calibrate. The mixture control valve comprises a pair of
needle valves extending axially outwardly from oppo-
site sides of a calibrated disc or dial. One of the needle
valves is provided with a threaded portion received in a 35
threaded bore for axially moving the needle valves
relative to ports surrounded by valve seatings. The
‘distal ends of the needle valves are each provided with -

a tapered surface which is adapted to co-operate with
its respective seating to close or open a port when the 40
mixture control dial is turned. When the dial is turned in
one direction the axial movement of the needle valves
causes one valve to distance itself from its seating whilst
concomitantly allowing the other needle valve to ap-
proach its seating. | 45

In this manner increasing the concentration of one
gaseous component and the individual flowrate thereof
reduces the concentration of the other gaseous compo-
nent and the flowrate thereof by an equal amount

thereby varying the proportions without effecting the 5
total flow rate. | |

SUMMARY OF THE INVENTION

It is an aim of the present invention to provide an
apparatus for mixing a plurality of gases which is suit- 55
able for inclusion in an anaesthesia machine, which is
relatively easy to manufacture, assemble and calibrate
and which is capable of operating over a wider flow
range than previously attainable.

According to the present invention, an apparatus for 60
mixing first and second gases comprises first and second
valves each having a valve stem the axial movement of
which controls the flow of the first and second gases
through their respective first and second valves, each

valve stem having one end engaging a control surface of 65
a thrust plate mounted for axial and pivotal movement

on a shaft, a plunger for pivoting the thrust plate so that
one valve stem is moved axially relative to the other
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thereby increasing the rate of flow of one gas through
its respective valve whilst concomitantly decreasing the
rate of flow of the other gas through its respective valve
to vary the relative proportions of the gases without
varying their total flow rate, and means for moving the
thrust plate axially towards and away from the valve
stems thereby to vary the total rate of flow of the gases
without varying the relative proportion of each gas
flowing through its respective valve.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will now be described,
by way of example, reference being made to the Figures
of the accompanying diagrammatic drawings in which:

FIG. 1is a schematic, perspective sketch of part of an
apparatus for mixing first and second gases;

FIG. 2 is a cross-section of part of the apparatus of
FIG. 1; |

FI1G. 3 1s a cross-section similar to FIG. 2 but illus-
trating modifications to the apparatus; and

FIG. 4 1s a schematic, perspective sketch of part of an
apparatus for mixing two of any three separate gases.

DESCRIPTION OF PREFERRED EMBODIMENT

Referring first to FIGS. 1 and 2, an apparatus 1 for
mixing first and second gases includes a first valve 2 and
a second valve 4. The valves 2, 4 are substantially iden-
tical and for convenience only valve 2 will be described
in detail. | |

Valve 2 includes an inlet 6 for the first gas, for exam-
ple, oxygen and an outlet 8 spaced from the inlet 6.
Between the inlet 6 and the outlet 8 is a valve seat 10
cooperating with a valve head 12 the axial movement of
which relative to the seat 10 will control the rate of
flow of oxygen from the inlet 6 to the outlet 8. The
valve head 12 forms part of a spring loaded axially
movable valve stem 14 the distal end of which is tapered
and bears against a control surface 16 of a thrust plate
18. The valve stem 14 is spring loaded to bias the valve
head 12 to its closed position relative to the seat 10.

The thrust plate 18 is mounted on a shaft 20 by means
of a spherical bearing 22 and can pivot about the bear-
ing and also move axially along the shaft with the bear-
ing 22.

Mounted for rotary movement on the shaft 20 is a
member 24 through which extends a plunger 26. As
shown, the plunger 26 is movable axially through a bore
in the member 24 and at one end 28 bears against a
surface 30 of the thrust plate 18. |

The upper (as shown in FIG. 2) surface of the mem-
ber 24 has a threaded counterbore 32 which receives a
total flow adjuster 34, The lower (as shown in FIG. 2)
surface of the member 24 has a central boss 35.

In use, when it is desired to alter the respective pro- -
portions of the first and second gases the angular posi-
tion of the plunger 26 is adjusted relative to the valve
stems 14 by rotating the member 24 on the shaft 20. The
angular position of the plunger 26 relative to the two
valve stems 14 apportions their opening by an amount
mversely proportional to the angular distance of the
plunger 26 from the respective valve stems 14.

As shown in FIG. 2 that part of the surface 30 oppo-

~ site the plunger 26 engages the periphery of boss 35 and

acts as a pivot point for the thrust plate 18.

If the valve heads 12 are designed such that the flow
characteristics are linear with respect to valve stem
displacement and matched for each gas to produce a
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coincident gas flow profile then a 50% setting of mix-
ture will be achieved with the plunger 26 midway be-
tween the valve stems 14.

When it is desired to alter the total flow of the gases
passing through the respective valves 2, 4 whilst keep-
ing their proportions constant then the total flow ad-
juster 34 1s screwed in or out of the threaded counter-
bore 32 thus moving the plunger 26 axially through
member 24 and causing the thrust plate 18 and bearing
22 to move axially along the shaft 20. Axial movement
of the thrust plate 18 will cause a concomitant move-
ment of the valve stems 14.

The gases on leaving the outlets 8 of their respective
valves 2, 4 will pass to respective flowmeters {(not
shown) as is well known 1n the art.

Referring now to FIG. 3, the apparatus of FIGS. 1
and 2 can be modified slightly in that each valve stem 14
includes a push rod 14’ which is articulated at one end
to the remainder of the valve stem 14 and at its opposite
end is articulated to the control surface 16 of the thrust
plate 18. Furthermore, the surface 30 of the thrust plate
18 can be profiled as at 40. The use of the articulated
push rods 14’ and the profiling on the surface 30 helps to
generate a linear profile for the control surface 16. It
will be seen that the thrust plate 18 pivots at a point
fixed opposite the plunger 26 where the profile 40 en-
gages the boss 35.

Although, in the embodiment illustrated in FIGS. 1
and 2 and the modification illustrated in FIG. 3 only one
plunger 26 is shown, in fact two plungers 26 can be used
spaced along an arc of the same radius. It has been
found that the use of two spaced plungers helps the
stability of the thrust plate 18 when being pivoted.

In a second embodiment shown in FIG. 4, an appara-
tus 101 for mixing any two of three different gases in-
cludes first, second and third valves 102, 103 and 104.
The valves 102, 103 and 104 are substantially identical
and for convenience only valve 102 will be described in
detail. Valve 102 includes an inlet 106 for the first gas,
for example oxygen and an outlet 108 spaced from the
inlet 106. Between the inlet 106 an outlet 108 is a valve
seat 110 which cooperates with a valve head 112 the
axial movement of which relative to the valve seat 110
controls the rate of flow of oxygen from the inlet 106 to

the outlet 108. The valve head 112 forms part of a spring

loaded axially movable valve stem 114. A push rod 114’
forms part of the valve stem 114 and is articulated at one
end to the remainder of the valve stem 114 and at its
opposite end with a control surface 116 of a thrust plate
118.

The remainder of the apparatus 101 which is not
shown is substantially identical to that described with
reference to FIGS. 1, 2 and 3 except that thrust plate
118 does not pivot on a profile formed on its rear sur-
face; 1nstead it pivots on the in-active valve (valve 102
as shown) the gas flow being proportioned between the
remaining two active valves 103, 104.

As illustrated in FIG. 4 valves 103 and 104 are active
whilst valve 102 is the pivot. Rotation of the member 24
(not shown) and hence the plunger 26 towards valve
103 opens this further whilst concomitantly closing
valve 104. Further rotation from valve 103 towards 102
opens valve 102 as valve 103 closes, valve 104 remain-
ing shut.

It will be evident that many of the parts forming the
apparatus illustrated in the Figures are circular or
spherical and therefore relatively easy to manufacture
to close tolerances. Thus, a more economic apparatus
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4
for mixing gases is described than as heretofor been
possible.

I claim:

1. A gas machine for mixing a desired concentration
of first and second gases for delivery to a patient, said
machine comprising a valve body, said valve body hav-
ing first and second valves each having a valve stem the
axial movement of which controls the flow of the first
and second gases through their respective first and
second valves, each valve stem having one end engag-
ing a control surface of a thrust plate mounted for axial
and pivotal movement on a support shaft, a bearing
means surrounding said support shaft, said bearing
means allows said thrust plate to pivot and slide axially
along said support shaft, a first actuator means on said
valve body having at least one variable plunger that is
disposed within said first actuator means and being
separate from said thrust plate but in abutting engage-
ment with said thrust plate, said first actuator means
variably moving the plunger selectively along the con-
trol surface of said thrust plate for pivoting the thrust
plate about said shaft so that one valve stem is moved
axially relative to the other thereby increasing the rate
of flow of one gas through its respective valve whilst
concomitantly decreasing the rate of flow of the other
gas through its respective valve to vary the relative
proportions of the gases without varying their total
flow rate, and a second actuator means disposed within
said first actuator means for adjustably engaging and
abutting said at least one plunger for moving the thrust
plate axially along said shaft towards and away from the
valve stems thereby to vary the total rate of flow of the
gases without varying the relative proportion of each
gas flowing through its respective valve.

2. An apparatus as claimed in claim 1, in which the
thrust plate is mounted for pivotal movement on the
shaft by bearing means which includes a spherical bear-
ing, and in which the plunger engages a surface of the
thrust plate, means being provided for moving the
plunger across said surface thereby to pivot the thrust
plate.

3. An apparatus as claimed in claim 2, in which said
second actuator means is a member rotatable about the
shaft, the plunger being mounted for rotatable move-
ment therewith, the plunger being axially movable rela-
tive to the member. |

4. An apparatus as claimed in claim 3, in which said
actuator 1s a total flow adjuster which is mounted for
axial movement on said member, said total flow adjuster
bearing on the plunger and causing concomitant axial
movement of the plunger relative to the member.

5. An apparatus as claimed in claim 1, in which each
valve stem includes a push rod articulated at one end to
the remainder of the valve stem and at its opposite end
to the control surface of the thrust plate.

6. An apparatus as claimed in claim 5, in which the
surface of the thrust plate engaged by the plunger is
profiled such that a part of the profile opposite the
plunger acts as a pivot point when engaging a boss on
the member.

7. An apparatus as claimed in claim 6, in which two
plungers are provided spaced along an arc of the same
radius on the member and in which the profiled surface
of the thrust plate engages the boss on the member
diametrically opposite a point intermediate the two
plungers.

8. An apparatus as claimed in claim 1, in which first,
second and third valves are provided each associated
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with first, second and third gases respectively, one without varying their total flow rate, the valve stem of

valve remaining closed during pivotal movement of the : ..
thrust plate which acts upon the valve stems of the the closed valve at its end engaging the thrust plate

remaining two valves to proportion the gases passing acting as a pivot point for the thrust plate.
through said remaining two valves to a desired ratio 5 L I R
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